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Water Resources Systems Analysis and Management (3 Units) 
Availability for 
Inquires  
Class Hours Instructor 
 
Monday: 14-15 
 
Saturday 13:30-15 
Monday: 11-12:30 
6th Floor, Class No: 501 
 
 S. Jamshid Mousavi  
Civil Engineering Department, Building 
No. 1, 8th Floor, Room #824  
  jmosavi@aut.ac.ir: Email 
 
Resources and References 
• Lecture PPTs and Supplementary Materials (Papers, Reports, etc) Available at the Course Directory 
Books 
• Vedula, S. Mujumdar, P. P., Water Resources Systems, Modeling Techniques and Analysis, Tata McGraw-
Hill Publishing, 2005 
• Mays, L.W., and Y-K, Tung, Hydrosystems Engineering and Management, McGraw Hill Publishing, 1992. 
• Loucks, D. P. and E. Van Beek, Water Resource Systems Planning and Management: Methods, Models and 
Applications, 2005, UNESCO Press, Paris, Book - Site: http://www.wldelft.nl/rnd/intro/fields/water-
management/book.html 
• Loucks, D. P. et al., Water Resource Systems Planning and Analysis, Prentice Hall, Englewood Cliffs, 1981  
Additional Reference Books  
• Revelle, C., Optimizing Reservoir Resources, John Wiley & Sons, New York, 1999.  
• Buras, N., Scientific Allocation of Water Resources, American Elsevier, New York.  
• Hall, W., and J. Dracup, Water Resources Systems Engineering, McGraw-Hill, New York, 1970, 627 
H149W Engineering Library  
Journals 
• Journal of Water Resources Planning and Management, ASCE, 
http://pubs.asce.org/journals/waterresouces/default.htm, 
• Journal of Hydroinformatics, IWA Publishing, http://www.environmental-
expert.com/magazine/iwa/jh/index.asp, 
• Water Resources Management Journal, Published for the European Water Resources Association (EWRA), 
Springer, http://www.springerlink.com/content/0920-4741, 
• Journal of the American Water Resources Association Journal (Water Resources Bulletin before 1990), 
http://www.blackwell-synergy.com/loi/JAWRA, 
• Water Resources Research, AGU, Wiley, http://www.agu.org/journals/wr/,  
• Advances in Water Resources, Elsevier,  
http://www.elsevier.com/wps/find/journaldescription.cws_home/422913/description#description, 
• Environmental Modeling and Software, Elsevier,  
• Stochastic Environmental Research and Risk Assessment,  
• Water International, 
• Water Policy, 
• Water SA, 
• Engineering Applications of Artificial Intelligence, Elsevier,  
• Fuzzy Sets and Systems, Elsevier,  
• Journal of Hydrology, 
htp://www.elsevier.com/wps/find/journaldescription.cws_home/503343/description#description 
 
Computer Software and Tools  
1- LINGO, LINDO System INC, (http://www.lindo.com/) 
2- GAMS, The General Algebraic Modeling System, GAMS Development Corporation, 
www.gams.com.  
3- MATLAB, The Language of Technical Computing, Mathworks INC, 
(http://www.mathworks.com/ http://www.mathworks.com/products/matlab/) 
4- WEAP, Water Evaluation and Planning system, Stockholm Environment Institute (SEI), , 
http://www.weap21.org 
5- MODSIM-DSS (Water Rights Planning, Water Resources Management and Rivers 
Operations DSS) developed by John W. Labadie at Colorado State University, 
http://modsim.engr.colostate.edu/ 
6- HecResSim (Old Hec5), Hydrologic Engineering Center, US. Army Corps of Engineers, 
http://www.hec.usace.army.mil/software/hec-ressimModSim 
 
Evaluation 
• Homework and Assignments Including Computer Projects: 40%  
• Class Participation: 10% 
• Final Exam: 50% 
Course Topics 
Homework 
Due Time 
Topic  Week  
 Course Introduction and Overview: Description of Course Objectives, References 
and Resources, Syllabus, etc. 
Water Resources Management: Incentives and Challenges   
1  
 Water Resource Systems (WRS) characteristics 
Major sources of complexity in WRS analysis 
2  
 Integrated Water Resources Planning and Management (IWRM)  
Can systems analysis help? 
3  
 Systems Analysis Tools: Simulation and Optimization 
Basic concepts in simulation and optimization: a simple water allocation problem  
4  
 Simulation and Optimization: Application to storage-yield-reliability analysis in 
water reservoirs  
5  
 Simulation and Optimization: Application to storage-energy yield-reliability analysis 
in hydropower systems 
6  
 Mathematical Programming: Basic concepts (linear algebra and calculus) 
Unconstrained optimization and optimality conditions  
7  
 Constrained Optimization:  
• Lagrange multipliers method and their meaning (shadow prices)  
• Khan-Tucker conditions (optimality conditions, feasibility conditions, 
complementary slackness)  
8  
 Linear Programming (LP): Model Formulation and Applications in:  
• Transportation, Reservoir operation optimization, Waste load allocation 
optimization, structural optimization, etc  
9  
 LP: Solution algorithms: 
• Graphical method 
• Simplex method (Basic and nonbasic solutions of a linear system of Eqs.)  
10  
 LP Continued: 
• Simplex method continued  
• Introduction to interior-point methods  
• Introduction to sensitivity analysis 
11  
 Mixed Integer LP (MILP) with emphasis on how to formulation problems by binary 
variables and their applications in:  
• Contractor selection problems in construction management  
• Reliability based optimal design and operation of water reservoir and 
hydropower systems 
• Obj. function linearization of nonlinear functions  
• If-else type constraints (storage dependent parameters in reservoir systems 
design and operation)  
• Capacity expansion problems with fixed costs 
• Planning water resource development problems including timing, 
sequencing and sizing subproblems   
12  
 Dynamic Programming (DP) and Multistage Sequential Decision Making Problems  
• Basic concepts of DP: a simple shortest path problem DP elements: stage, 
state, state transformation function, recursive function, immediate cost and 
cost-to-go functions)    
13  
 DP applications in: 
• Capacity expansion problems 
• Optimal water allocation problems 
• Reservoir operation optimization problems 
14  
 Stochastic DP (SDP) 
• Introduction to stochastic processes, Markov chains and transition 
probabilities 
• SDP application in reservoir operation optimization 
• Forward vs. Backward Formulation of recursive Function 
• Inverted vs. non-inverted form of state transformation function    
15  
 Performance criteria (vulnerability, reliability and resiliency) and sustainability 16  
indices 
 Final Exam  
Subject to time 
availability 
Selected Topics in Flood Control  17  
Subject to time 
availability  
 
Introduction to River Basin Decision Support Systems  
WEAP, ModSim, VenSim, Hec-ResSim 
18  
 
